Studies of eye movement have become an essential tool of basic neuroscience research. Measures of eye movement have been applied to higher brain functions such as cognition, social behavior, and higher-level decision-making. With the development of eye trackers, a growing body of research has described eye movements in relation to mental disorders, reporting that the basic oculomotor properties of patients with mental disorders differ from those of healthy controls. Using discrimination analysis, several independent research groups have used eye movements to differentiate patients with schizophrenia from a mixed population of patients and controls. 
| INTRODUCTION
As has been postulated, eyes are windows to the brain as well as to the mind. 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------
situations have not been well explored. In this review, we briefly examine the current situation of eye tracking in mental disorders and discuss the possible application of eye trackers in the clinical setting.
| ME TH ODS
We 3 | RESULTS Figure 1 shows the results of the PubMed literature search. As listed in Using a combination of these differences, Benson et al 13 conducted a discrimination analysis of schizophrenia. They used a neural network model for classification that differentiated patients and controls from a mixed population. Another independent research group conducted a discrimination analysis of schizophrenia with a linear classifier. 14 In both these reports, the accuracy of the discrimination analysis was 80% or higher; however, this may have been affected by the optimistic nature of their classifier. 15 One important factor concerning schizophrenia is the effect of antipsychotic agents. 16 The effect of dopamine blockade associated with antipsychotic agents is known to affect muscle movements, causing extrapyramidal symptoms such as parkinsonism, dystonia, and dyskinesia. Although eye movement has been reported to be significantly related to chlorpromazine-equivalent doses of antipsychotic agents, 16, 17 the antipsychotic effects of muscular abnormalities may vary depending on the individual. Antipsychotic therapy is commonly used in the treatment of schizophrenia, and the daily antipsychotic dose has been reported to have significant positive and negative associations with left globus pallidus volume and right hippocampus volume, respectively. 18 Therefore, the effect of antipsychotic agents on eye movement must be carefully evaluated. Further research is needed to clarify the exact role of antipsychotic agents on eye movement.
| Eye movements in ASD
Eye movement research in ASD has increased sharply in the twentyfirst century ( Figure 1C ). Among mental disorders, ASD is distinctive because its diagnosis is based on early childhood behavior. 19 It is The results regarding ASD in early childhood are adequately consistent and sufficient for a possible diagnosis prior to the emergence of the behavioral characteristics applied as diagnostic criteria. It may therefore be possible to use eye trackers in screening for ASD in children who are amenable to early treatment. Measurement using eye trackers is a safe and noninvasive method for examining childhood development that may help examiners identify early signs of ASD in tandem with information from parents and caregivers.
As stated above, ASD is diagnosed in early childhood, 19 but the majority of research experiments involving eye movement has been conducted in adults or adolescents. 5,22,23 Some reports have described oculomotor behavior in school-age children with ASD and compared it with age-matched controls. 3, 24 The results in those reports are not as prominent as those reported in studies on schizophrenia. In many of these published reports, group differences were found between participants with ASD and healthy controls; however, these are not without major discrepancies. 3, 24, 25 This may be partly because there were often less than 20 participants with ASD in each study, so some of the results may not accurately reflect the total ASD population. Various disorders Display type Focused on the failure to predict sensory consequences of one's own actions and psychosis ADHD, attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder; DCD, developmental coordination disorder; OCD, obsessive-compulsive disorder; SCZ, schizophrenia; SLD, specific learning disorder.
In 2016, a study group conducted a discrimination analysis using an eye tracker on adolescents and adults with ASD. shown to be altered in people with ADHD. 24 The discrepancies between the published papers on ASD 3, 24, 25 may reflect the heterogeneity of the patients in each report. Therefore, subtype-specific descriptions of eye behavior in people with ASD may be important for better understanding of its association with eye movements.
| DISCUSSION

| Recent developments in eye trackers
The history of eye tracker hardware has been described in several studies. In the literature, the majority of the research has been conducted with the images shown on a display ( Figure 3A) . Typically, participants have been asked to sit on a chair and look at a visual stimulus on a monitor that includes graphical images, daily objects, faces, and scenes. Sometimes, participants are asked to follow a moving target.
A setup such as that shown in Figure 3A provides easier control of spatial conditions with limited head movement. Usually, basic oculomotor behavior and eye movements have been measured by having a person look at a monitor screen. In the setup shown in Figure 3B , the gaze of two persons can be simultaneously monitored using eyeglasses equipped with an eye tracker. Although the interaction in terms of gaze between the two subjects can be monitored in this setup, the data analysis is more complicated than that for the setup shown in Figure 3A because it involves more variables and additional steps of analysis. Head movement is extensive and should be considered in the setup shown in Figure 3B .
Traditionally, basic oculomotor measures consist of those from three eye movement types: fixations, saccades, and smooth pur- to analyze the pupil (P) and corneal reflection (CR). Then, the geometrical position of the gaze is calculated from the P and CR positions. Since the iris (Ir) is more reflective to infrared than to visible light, infrared is often used as illumination. S, sclera gaze". 32 Mutual gaze has a large impact on cognition and emotion, 33 and the information obtained from another person's eyes is essential for mutual interaction. 34 Extensive analysis conducted to date has yet to elucidate the mechanism that underlies this phenomenon. This may be partly because individual differences in gaze patterns are substantial. 32 Everyone has a unique eye movement "fingerprint" when having a conversation. 32 If someone has a defect in their eye movement, it is likely to affect how well they understand the behaviors of others, which can cause difficulties in his/her social life. Eye movement is among the endophenotypes necessary for a better understanding of the pathogenic mechanisms underlying mental disorders.
Genetic factors also play a substantial role in the etiology of mental disorders. 9, [35] [36] [37] It has been suggested that ASD and schizophrenia share common biological pathways based on the recent genomic studies. 38 Several groups have examined heritability estimates of eye movement phenotypes in patients with schizophrenia. 8, 35 In those studies, two eye movement tasks were associated with moderate to high heritability. 8, 35 Ladea and Prelipceanu 9 concluded that such eye movement tasks are insufficient as diagnostic tests for schizophrenia. This is partly because the abnormalities observed in the eye movement tasks were frequently found in the patients' unaffected relatives, 8, 35 as well as in a minor population of healthy controls. 9 However, eye movement tasks may be effective to test for biological markers of the associated risk of developing schizophrenia. 9 Participating in a test involving such tasks may increase the chance of receiving an early intervention.
The application of eye trackers in the clinical setting to screen for mental disorders seems promising. At the same time, eye movement patterns vary considerably among both patients and healthy controls.
Therefore, future studies should include larger numbers of eye movement examples from various populations and age groups. As reported in the case of ASD, 2,21 the longitudinal design of eye movement research could help achieve a more comprehensive understanding of the relationship between eye movements and mental disorders.
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